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ABSTRACT

We want to introduce several recent works for
improving the performance of integral imaging (Il) based
holographic stereogram (HS). First, we have proposed a
resolution-enhanced llI-based HS using the moving array
lenslet technique (MALT). [1] Second, we have proposed
the concept of resolution priority HS (RPHS) for the first
time, which is based on the principle of resolution priority
Il, by adding a quadratic phase term on the conventional
Fourier transform. [2] Finally, a simple and fast algorithm
for computer-generated hologram (CGH) based on
pinhole-type Il using a look-up table was proposed. [3]

1 INTRODUCTION

Holography is considered as the final form of the
three-dimensional (3D) display technique since it truly
reconstructs the wavefront of the 3D scene. However, the
conventional holographic recording uses a laser
interference optical system, which can only be operated in
a laboratory. With the development of computer
technology, the computer-generated hologram (CGH) can
be used to reconstruct 3D images without optical
holographic recording. The CGH is often generated by
simulating the wave propagation from object points or
slices to the hologram plane[4]. However, because the
optical transmission processes of each point or slice are
independent, the occlusion and shading information of the
3D scene are hard to present.

Holographic stereogram (HS) is an effective way to
address these issues by using multi-view images[5]. It is
divided into many hogels (hologram element), and each
hogel emits a set of plane waves to reproduce the light
field. However, capturing abundant multi-view images of
real objects is one difficulty of HS. The lens array can be
used to capture multi-view images efficiently, which is also
a fundamental part of 1l[6]. Thus, there have been many
researches reported on the generation of holograms
based on I, such as the diffraction calculation method[7],
the orthographic projection image method[8], the ray
sampling method[9]. Ichihashi et al. proposed a real-time
ll-based HS display system which used a lens array to
capture EIA and each element image (El) is converted
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into a corresponding hogel by fast Fourier transform
(FFT)[10]. Since the holographic data was transformed
from Il data, this technique inherited the drawbacks of II,
such as the low sampling rate and the low quality
reconstructed images.

Several recent works for improving the performance
of integral imaging based HS are introduced in this
paper. In section 2, we will introduce the conventional Il
based HS. In section 3, we will introduce the proposed
resolution-enhanced Il-based HS using MALT. In
section 4, the concept of resolution priority HS will be
introduced. And in section 5, the proposed algorithm for
computer-generated hologram (CGH) based on
pinhole-type Il using a look-up table will be introduced.

2 Conventional Il based HS
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Fig. 1 (a) Wavefront reconstruction principle of the
holographic stereogram. (b) Wavefront
reconstruction principle of DPII.

Figure 1(a) shows the wavefront reconstruction of
one point in HS. Different from Fresnel hologram which
reconstructs image point with spherical waves, the HS
reconstructs image point using multiple plane waves
with discrete directions. Figure 1(b) shows the principle
of depth priority Il (DPII), which is very similar to the HS.
The elemental image array (EIA) (each elemental image
is a parallax image of the 3D object) is placed at the
front focal plane of the lens array, so the elemental lens
collimates the light rays of different pixels to different
directions, and voxels are formed through intersections
of multiple parallel light rays. Since the display principles
of HS and DPIl are almost the same, Ichihashi et al.
proposed to convert elemental images into hogels by
FFT calculation for real-time display [10], as shown in
Fig. 2.
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Fig. 2 Principle of the integral imaging based
holographic stereogram.

Figure 2 shows the conversion process from Il to
HS[10]. The EIA and HS are placed at the front focal
plane and the back focal plane of the lens array,
respectively. According to the common knowledge in
Fourier optics, an exact Fourier transform of an object can
be obtained at the back focal plane of a lens if it is placed
at the front focal plane of the lens. Thus, to each
elemental lens, the elemental hologram H(u,v) behind
it is the exact Fourier transform of the elemental
image /(x, y) in front of it. We can obtain the following
Fourier transform relation:

Hu,v) = ﬁjj:l(x, ¥) exp[—ji—;(xu + yv)ldxdy

where A is the wavelength and f is the focal length of
the lens array. However, since it is an ll-based HS, the
low sampling rate of Il is inherited through the conversion
process and will lead to a low image quality.

3 Resolution-enhanced ll-based HS using MALT

To increase the sampling rate in ll-based HS, the
MALT was adopted in the proposed method as shown in
Fig. 3. Before the data conversion, multiple EIAs captured
by MALT are prepared. At the virtual conversion process,
each sequential EIA is transformed to the corresponding
HS sequence through FFT calculations of elemental
images. All the HS sequences are shifted and added

together to synthesize the final hologram.
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Fig. 3 Principle of proposed resolution-enhanced
ll-based HS using MALT.
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Fig. 4 . Reconstructed results.

Figures 4(a) and 4(b) show the optically
reconstructed images of the bee model without MALT
captured from different directions. Figures 4(c) and 4(d)
show the optically reconstructed images of the bee
model with MALT captured from different directions.
The PSNR for Figs. 4(a) and 4(c) are 13.74 dB and
15.41 dB, respectively, so an improvement of 1.67 dB is
obtained.

4 Resolution priority HS

Different from DPII which performs better at depth
range, RPIl has higher lateral resolution[11]. Figure 5(a)
shows the principle of RPII. The gap between EIA and
lens array is slightly different from (larger or smaller than)
the focal length, so there exist a privileged plane in the
reconstruction space, the so-called IRP, which is
conjugate with the EIA plane. In such plane the object
point is reconstructed with very good quality (see point
A), which is very similar to the reconstruction of Fresnel
hologram. Each lens emits spherical waves which are
focused on the IRP. As the object point goes far away
from the IRP, the reconstructed quality degrades. Thus,
the depth range of RPIl is limited, and the 3D image
must be located around the IRP. The IRP is also called
as the central depth plane (CDP). Nevertheless, the
resolution of reconstructed images in the RPIl is still
better than in the DPII over a long depth range.
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Fig. 5 (a) Wavefront reconstruction and display
principle of RPII. (b) Wavefront
reconstruction and display principle of proposed
RPHS.




Based on the RPII, we proposed the RPHS to realize
high lateral resolution as shown in Fig. 5(b). Different from
conventional HS which emits plane waves, the RPHS
emits spherical waves which are focused on the IRP. The
object points at the IRP are reconstructed perfectly and
objects points around the IRP are reconstructed with good
quality. Just as the RPII has higher resolution than DPII,
the proposed RPHS also has higher resolution than
conventional HS. To obtain such RPHS, a modified
version of Fig. 2 is adopted in Fig. 6. The EIA is placed in
front of the lens array by a distance of g, and the hologram
is placed at the back focal plane. According to Fourier
optics , if an object I(x, y) is placed in front of the lens by a
distance of g, we can obtain the light distribution H(u, v) at
the back focal plane as:

Aexp[‘%f(l—%(uz )]

I

o 2
H(u,v)= .“1 I(x,y)cxp[—jT;(xu + yv)]dxdy

where 1 is the wavelength and f is the focal length of
the lens array. Ignoring the constant value, Eq. (3) can be
simplified as:

Huv) = exp[’i'—}’(l —%)(u2 +v2)]e FFT[I(x,y)]
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Fig. 6 Conversion process from RPIl to RPHS by
adding a quadratic phase term on the
conventional FFT.

Figures 7(a) and 7(b) show the optical reconstruction
results of conventional HS captured from different
directions, and Figs. 7(c) and 7(d) show the optical
reconstruction results of proposed RPHS captured from
different directions. It is confirmed that the RPHS has
higher resolution than conventional HS. The relative shift
between different parts confirms the 3D nature of the
holographic image.

(a) (b)
(c) (d)
Fig. 7 (a) and (b) Optical reconstruction results of

conventional HS. (c) and (d) Optical
reconstruction results of proposed RPHS.

5 Computer-generated hologram (CGH) based on
pinhole-type Il
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Fig.8 (a) Principle of proposed method. (b)Light

rays emitted from one pinhole.

Figure 8(a) shows the principle of proposed method.
The 3D image is reconstructed by the pinhole type Il
system, and the CGH plane is used to record the object
beam by simulating light propagation from pinholes to
CGH. The light emitted from each pixel of El can only
pass through the corresponding pinhole, so each
pinhole can be thought as a point light source which
emits different pyramid-shaped light rays in different
directions, as shown in Fig. 8(b) in which only the center
pinhole is drawn. The intensities of different light rays
are determined by the pixel values of El. To the center
pinhole, the recorded complex amplitude u(x, y) on the
CGH can be divided into many square sub-regions, and
the number of sub regions is equal to that of pixels of EI.
Assuming that the sub-region number or pixel number of
El in one dimension is N, the (k,/)-th sub-region ux(x, y)
is related to the (N+1-k, N+1-/)-th pixel of the center El,
and can be calculated using ray-tracing technique:

VG

g (5) = N ;2 ), <k—1>§—ig<k§—i,(k—1>;—gs)f<k%
_ 2 2. 2 )

where R—\/(x—xp) +(yv—ip) +L is the

distance between the center pinhole (xp, yp) and a
coordinate (x, y) on the (k,/)-th sub-region of CGH, and L
is the perpendicular distance between the CGH and the

pinhole array, and Elg;?rl_k N+ I8 the intensity value

of the (N+1-k, N+1-/)-th pixel of the center El. Here, the
superscript (0,0) means that the center El is numbered
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as the (0,0)-th El. And p is the pitch of pinhole or El, and g
is the distance between pinhole array and El array. By
summing all of the sub-regions, we get the complex
amplitude u(x, y) of the center pinhole on the CGH:

N N
u(an’) :zzukl(xay)
ko1

Next, the LUT method is applied to Eq. (1). The unity
amplitude diffraction pattern of the (k, /)-th sub-region vi(x,
y) is pre-calculated and stored as:

pL
Ng
then the complex amplitude u(x, y) of the center pinhole
on the CGH is obtained as:

N N
0
u(x,y) = szkl (x,») 'Elglﬂ—k,NH—l
]

Instead of directly computing the diffraction patterns of the
center pinhole using ray-tracing method, each pixel

0,0
EIN+l—k,N+1—l

pre-calculated sub-region wvi(x,y) and combined to
generate the diffraction pattern. So far, the unity amplitude
diffraction pattern of the center pinhole is pre-calculated
as NxN sub-regions and is stored in a LUT. And the
diffraction patterns for other pinholes can be obtained by
simply shifting and tiling the pre-calculated sub-regions.
Figure 9 shows the numerical reconstruction results
from nine different viewing directions, which can be
generated from different parts of the CGH. The relative
shift between different parts is clearly observed,
confirming successful reconstruction of the 3D object.

V() = exp(i2ZR),  h-DPE <x <k PE k- Phcxck
R A Ng Ng Ng
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Fig. 9 Numerical reconstruction results from
different viewing directions.

6 Conclusion

Several recent works for improving the performance of
integral imaging (ll) based holographic stereogram (HS)
are introduced. First, due to the limited sampling rate, the
quality of reconstructed images of conventional Il-based
HS is not high. To increase the sampling rate,the the
moving array lenslet technique (MALT) is adopted in this
paper. [1] Second, we have proposed the concept of
resolution priority HS (RPHS) for the first time, which is
based on the principle of resolution priority Il, by adding a
quadratic phase term on the conventional Fourier
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transform. [2] Compared to the conventional ll-based
HS, the proposed RPHS has higher resolution. Finally,
a simple and fast algorithm for computer-generated
hologram (CGH) based on pinhole-type Il using a
look-up table was proposed. [3]
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